Mitochondrial redox cycling of mitoquinone leads to superoxide production and cellular apoptosis.
The mitochondria-targeted drug mitoquinone (MitoQ) has been used as an antioxidant that may selectively block mitochondrial oxidative damage; however, it has been recently suggested to increase reactive oxygen species (ROS) generation in malate- and glutamate-fueled mitochondria. To address this controversy, we studied the effects of MitoQ on endothelial and mitochondrial ROS production. We found that in a cell-free system with flavin-containing enzyme cytochrome P-450 reductase, MitoQ is a very efficient redox cycling agent and produced more superoxide compared with equal concentrations of menadione (10-1,000 nM). Treatment of endothelial cells with MitoQ resulted in a dramatic increase in superoxide production. In isolated mitochondria, MitoQ increased complex I-driven mitochondrial ROS production, whereas supplementation with ubiquinone-10 had no effect on ROS production. Similar results were observed in mitochondria isolated from endothelial cells incubated for 1 h with MitoQ. Inhibitor analysis suggested that the redox cycling of MitoQ occurred at two sites on complex I, proximal and distal to the rotenone-binding site. This was confirmed by demonstrating the redox cycling of MitoQ on purified mitochondrial complex I as well as NADH-fueled submitochondrial particles. Mitoquinone time- and dose-dependently increased endothelial cell apoptosis. These findings demonstrate that MitoQ may be prooxidant and proapoptotic because its quinone group can participate in redox cycling and superoxide production. In light of these results, studies using mitoquinone as an antioxidant should be interpreted with caution.